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After an elegant solution of the solar neutrino problem was found on the basis of a hypothesis of
semi-weak interaction between electron neutrinos and nucleons, a question has appeared about the origin
of the difference between the expected and observed results of the reactor antineutrino experiment at
KamLAND. We note the significant role of light attenuation in the KamLAND liquid scintillator, that
has not been taken into account in theoretical calculations of the observability of expected events of the
inverse beta-decay and in the reconstruction of their characteristics. Because of this, we do not consider
the declared results of the KamLAND experiment as reliable.
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1. Introduction
In works [1], [2], we have proposed a new solution to the solar neutrino problem, which
is based on logically clear principles of the classical field theory. The existence of semi-weak
interaction mediated by massless pseudoscalar isoscalar bosons ϕps, whose Yukawa couplings
with an electron neutrino and nucleons is given by the Lagrangian
L = gνepsν¯eγ
5νeϕps + gNpsp¯γ
5pϕps − gNpsn¯γ
5nϕps, (1)
and whose coupling with an electron is absent, is postulated. During their motion inside the
Sun, the solar neutrinos undergo about ten collisions with nucleons. As a result, the fluxes
of left - and right-handed electron neutrinos at the Earth surface are approximately equal.
Each collision leads to decrease in the neutrino energy compared to the initial energy ω, on the
average, by the value of
∆ω =
ω2
M
·
1
1 + 2ω/M
. (2)
The theoretical calculations having one free parameter give a good agreement with experimental
characteristics of all observed processes νe+
37Cl→ e−37Ar, νe+
71Ga→ e−71Ge, νee
− → νee
−
and νeD → e
−pp. Then the product of the coupling constants in the Lagrangian (1) is equal
to gνepsgNps/4pi = (3.2 ± 0.2)× 10
−5.
Interaction (1) manifests itself in the above experiments due to the fact that the Sun actually
plays the role of part of the experimental setup, providing with its sizes an apportunity for
several collisions of neutrinos with nucleons. In experiments with reactor neutrinos, there are no
similar collisions and, thus, a manifestation of interaction (1) is practically impossible. At the
same time, we know about considerable difference between the expected and observed results
at KamLAND [3]–[6] and about the existing explanation of that with such neutrino oscillations
which could significantly affect the value of the electron neutrino flux from the Sun at the Earth
surface. Having obtained the above mentioned elegant solution to the solar neutrino problem,
we found a firm confidence that the hypothetical neutrino oscillations have no connection to
the noted discrepancy. It is undoubtedly advisable in this situation to examine the setting up
and processing of the experiment at KamLAND for the theoretical omissions, to the extent
possible on the basis of existing publications.
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Among the omissions, we reckon insufficient attention to the problem of light attenuation
in the KamLAND liquid scintillator. Based on fragmentary experimental results of Tajima [7],
we have found that the intensity of the resulting fluorescent signals at their propagation along
the diameter of the spherical fiducial volume of the KamLAND liquid scintillator decreases by
about five times. This estimation is the key element for our statement that the absence of
acceptable accounting for light attenuation in the KamLAND liquid scintillator in theoretical
calculations for the observability of the expected events ν¯e + p → e
+ + n leads, very likely, to
an uncontrolled loss of such events.
2. About the incompleteness of experimental studies of the optical properties of
the KamLAND liquid scintillator
Studying the operating peculiarities of the KamLAND setup, among other things, we pay
attention to the method of neutron registration. Experiments with reactor neutrinos, as for
example the works [8] and [9], often use liquid scintillators doped with gadolinium, which
absorbes neutrons and emits a few γ-quanta with the total theoretical energy of 8 MeV and
with the registration window from 6 to 12 MeV for the corresponding signals. At the same
time, the registration of neutrons in KamLAND is based on their absorption by protons with
the formation of a deuterium and a γ-quantum with the energy of 2.2 MeV and with the
registration window from 1.8 to 2.6 MeV. This situation works towards loss of the expected
events with reactor antineutrinos in KamLAND.
As never before, the spherical balloon with liquid scintillator in KamLAND has as large size
as the diameter of 13 m, and the diameter of its fiducial volume is 12 m (initially, 11 m). The
need in a detailed study of the optical properties of liquid scintillator appears to be indisputable.
These properties include first of all the fluorescent light spectrum in the point of its creation and
the attenuation length in the scintillator as a function of wavelength. The optical properties
of liquid scintillator depend significantly on its composition, one obvious evidence of which is
noted below. Thus, one cannot translate the properties known for the scintillator of one type to
the scintillator of a different type. The KamLAND liquid scintillator consists of 80%dodecane
C12H26 which is the solvent, 20% pseudocumene (1,2,4-Trimetilbenzene) C9H12 which gives the
primary fluorescence, and 1.52 g/l PPO (2,5-Diphenyloxazole) C15H11NO which is used as a
wavelength shifter and gives the final fluorescence.
Tajima, subsequently a member of the KamLAND collaboration, has performed [7] partial
experimental studies of the optical properties of the above-described liquid scintillator and the
liquid scintillator consisting of 80% dodecane, 20% pseudocumene, 1 2g/l PPO, and 0.1 g/l
BisMSB, which have been aimed first of all at clarifying the practical question of choosing
between these two types of liquid scintillators on the basis of the best transparency. The
emission spectrum of PPO dissolved (apparently) in a mixture of dodecane and pseudocumene,
was investigated at the wavelength of the exciting light of 300 nm. It has been established that
it extends from 340 to 490 nm and has a maximum at 375 nm. A figure with this spectrum can
be found also in work [10]. The fact that the choice of the solvent and of the energy of exciting
quanta can essentially affect the shape of the PPO emission spectrum is clearly confirmed by
comparing the spectrum of [7] with the spectrum carefully described on the Web-site [11]. In
the letter work, PPO has been dissolved in cyclohexane, the wavelength of the excitation light
was equal to 280 nm and the emission spectrum has an absolute maximum at 355 nm.
The problem of finding the real emission spectrum of PPO in the KamLAND liquid scin-
tillator was not raised and was not solved by Tajimi. The solution of the problem consists of
two parts. First, one has to establish the dependence of the PPO emission spectrum on the
wavelengths of the exciting primary fluorescent light. Second, one has to find the wavelength
distribution of the primary fluorescent light, i.e., to find the spectrum of pseudocumene dis-
solved in dodecane at irradiation by γ-quanta, the energies of which are characteristic for the
events generated by the reactor antineutrinos.
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The transparency T of liquid scintillator consisting of dodecane (80%), pseudocumene (20%)
and PPO with the concentration of 2g/l (greater than in KamLAND), when the light passes
the distance L = 1.75 m, was found by Tajimi [7] for five values of light wavelength λ, and
these values are out of a considerable part of the emission spectrum of PPO. The attenuation
length Λ of light, found by the formula
Λ = −L/ lnT, (3)
is described with significantly different values in table 4.5 and figure 4.21 of work [7], that causes
both bewilderment, and disarray. Using the transparency values from table 4.5, we find that
the attenuation lengths in the table correspond to the light path L = 1.25 m, which nowhere
appears in the text, and the attenuation lengths in the figure correspond to the declared
distance L = 1.75 m. Denote by η(λ) the fraction of PPO emitted photons with wavelengths
smaller than λ. Then the results of Tajimi and their consequences can be written in the form
of five sets, each containing four elements {λ, Λ from the table (Λ from the picture), η(λ)}:
{386 nm, 7.5 m (5.3 m), 0.58}; {406 nm, 10.7 m (7.6 m), 0.79}; {421 nm, 14.5 m (10.3 m),
0.89}; {446 nm, 18.6 m (13.3 m), 0.97}; {470 nm, 21.3 m (15.2 m), 1.0}. On the basis of these
results, taking into account figure 4.21 (table 4.5), we have calculated an approximate ratio
of the intensities of fluorescent signals reaching some detecting photomultiplier tube, which
originate from the point A of the fiducial volume (with radius 6 m), that is the nearest to the
tube, from its center O and from the point B, that is the farthest from the tube, and have
found: IA : IO : IB = 1 : 0.38 : 0.21 (IA : IO : IB = 1 : 0.29 : 0.13). Such a ratio indicates,
for example, that, at any energy calibration, a significant signal fraction connected with γ-
quanta from neutron capture will be beyond the registration window between 1.8 and 2.6 MeV
mentioned already, and another signal fraction will be below the registration threshold.
3. About the absence of the required calculations of the observability of events
ν¯e + p→ e
+ + n at KamLAND
To make correct theoretical conclusion about the expected number of events ν¯e+p→ e
++n
at KamLAND depending on the energy values of the arising γ-quanta, it is necessary to perform
the following rather complicated and extensive actions: first, for a fixed position of the detecting
tube, to calculate the intensity distribution of fluorescent signals that reach the tube over the
distance to their origin in the fiducial volume; secondly, for a given reactor antineutrino energy
spectrum, to calculate the distribution of the rate of events ν¯e+p→ e
++n over the energies and
directions of the three γ-quanta following the events; thirdly, with knowing these distributions,
the energy calibration, the signal threshold and the registration efficiency, to calculate the
fraction of the studied events which cannot be registered in the detector. To reconstruct the
energy of an individual γ-quantum from the intensity of the fluorescent light at the detecting
tube input, it is necessary to establish experimentally the signal production point and to use
the theoretical value for the light intensity attenuation on its way to the tube.
In the articles of the KamLAND collaboration or its individual members we find no reference
or discussions on the noted theoretical and experimental actions. As to the reconstruction of the
localization of the events ν¯e+p→ e
++n, which is necessary to determine their characteristics,
we find a literally repeated description in two papers [4] and [12], which reduces to a single
phrase: ”The location of interactions inside the detector is determined from PMT hit timing”.
4. Conclusion
In the conditions of unprecedentedly large size of KamLAND detector and of the refusal
of using the gadolinium, the lack of appropriate studying of the real spectrum of the PPO
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fluorescent light and of transparency of the KamLAND liquid scintillator as a function of
the wavelength of the PPO fluorescent light, and, finally, not taking these properties into
consideration in the subsequent theoretical calculation of the observability of the events ν¯e+p→
e+ + n opens doors for an uncontrolled loss of such events. Therefore, we do not consider the
declared results of the KamLAND experiment and, consequently, the conclusion about the
observation of neutrino oscillations.
All preceding in sections 2 and 3 can also be considered as a sketch of a much-needed
program of studing of the optical properties of the liquid oscillator in JUNO and of their
influence on the observability of events in the detector. Whatever the final choice of the
oscillator in JUNO, the optimal composition of which is now the subject of a thorough analysis
[13], without such a program, the results of the upcoming experiment will significantly distort
reality.
I am sincerely grateful to S.P. Baranov, M.Z. Iofa and A.M. Snigirev for the discussion of
problems connected with the present work.
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